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Abstract 
Radiographic Raman- and IR- spectroscopic researches of solid solutions and system binary components CdSe- ZnS, CdSe – 
ZnTe were carried out, their acid - basic properties were also examined. 
The binary components nature (the compounds ZnS, ZnTe) influence involved in the solid solutions formation of 
(CdSe)х(ZnS)1-х and (CdSe)х(ZnTe)1-х was determined. 
The regularities in the change with the composition of the investigated volumetric and surface physicochemical properties, and 
close relationship between them have been stated. The reason for the latter is in the active centers nature caused with the 
coordinatively unsaturated atoms. 
The established regularities were used to determine new adsorbents – perspective sensors materials. 
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1. Introduction 
The work was performed as part of the Russian Ministry state order project № 4.2543.2014/K.  
When searching for modern technology new materials, in particular for sensor technology, different ways varying 
in difficulty and a long-term degree are used. 
One of the best is the way based on the surface activity detection of multicomponent diamond-like 
semiconductors on acid-basic characteristics and its predictable changes by composition changes. 
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The possibilities of such way are analyzed in this paper on the example of two systems differing in the second 
binary components: CdSe- ZnS, CdSe - ZnTe. 
2. Experimental 
The study subject is a fine powder CdSe, ZnS, ZnTe and solid solutions (CdSe)х(ZnS)1-х (х = 0,61; 0,75); 
(CdSe)х(ZnTe)1-х (х = 0,15;0,25; 0,75; 0,9). The solid solutions were prepared with isothermal diffusion of binary 
compounds (relatively CdSe and ZnS, CdSe and ZnTe) in evacuated sealed quartz ampoules, at the temperature of 
1173 - 1273 К [1]. Preparing solid solutions mode corresponded to specially developed temperature heating 
program. Preliminary initial binary compounds samples causing specific molar ratio were subjected to grinding and 
mechanochemical activation. A synthesis product is a compact polycrystalline ingot at the ampoule bottom. The 
synthesis completion and solid solutions formation were evaluated with the results of radiographic Raman- and IR- 
spectroscopic researches. 
Radiographic analysis was performed on the diffractometer D8 Advance "Bruker" firm (Germany) in СuКα-
radiation (λ=0.15406 nm, Т=293 К) according to the large-set shot method [2-4] using a position-sensitive Lynxeye 
detector. 
To interpret the X-ray diffraction patterns powder diffraction data base ICDDIPDF-2 was used. Lattices settings 
were refined in program TOPAS 3.0 (Bruker) with the least squares method. 
Raman spectra were recorded on a Fourier spectrometer RFC -100, IR spectra were recorded on a Fourier-
spectrometer infrared InfraLUM FT-02 with an adapter MNPVO [5]. 
The surface activity was evaluated according to the acid-basic characteristics (pH of isoelectric state of the 
surface is рНiso, acid sites concentration is Сgen), they were defined due to the hydrolytic adsorption method and 
nonaqueous conductometric titration [1]. 
3. Result and discussion 
On the basis of radiographs detailed analysis (for example Fig.1) of calculated (using appropriate formulas [2-
4]) main crystal chemical properties values (lattice parameters are а, с; interplanar spacings are dhkl; X-ray 
density is ρr) (Fig. 2) a conclusion can be made that there are formations of substitutional solid solutions with 
mostly hexagonal wurtzite structure in the first case and either a hexagonal wurtzite structure (for CdSe excess) or 
cubic sphalerite structure (with ZnTe excess) in the second case in CdSe- ZnS, CdSe - ZnTe systems (with the set 
composition). 
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Fig. 1. Bar-radiographs of ZnTe-CdSe system components containing 0 (а), 15 (b), 25 (c), 75 (d), 90 (e), 100 (f) mol. % of CdSe. 
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Fig. 2. Dependence of crystal lattice parameters values with (1, 1'), and (2, 2') and X-ray density (3, 3') of the system components CdSe – ZnTe 
(1, 2, 3) and CdSe – ZnS (1', 2', 3'). 
In accordance with the X-ray diffraction studies results on the formation of substitutional solid solutions in 
systems CdSe- ZnS, CdSe – ZnTe the results of the Raman-spectroscopic researches (Fig. 3) proved the same. 
We note the change in the relative intensity of the Raman-peaks and the offset with an increase of CdSe content as a 
result of metal atoms substitution in the initial binary compounds crystal lattice, respectively, change of their 
coordination environment, the coordination unsaturation, bandgap. 
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Fig. 3. Raman spectra of powders ZnTe (1), (ZnTe)0,75(CdSe)0,25 (2); (ZnTe)0.68 (CdSe)0.32 (3); (ZnTe)0.26 (CdSe)0.74 (4); 
(ZnTe)0.12(CdSe)0.88 (5); CdSe (6). 
Valuable information was also obtained as a result of the IR – spectroscopic studies (Fig. 4). 
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Fig. 4. IR–spectra of surfaces ZnTe(1), CdSe (4) and solid solutions (ZnTe)0.68(CdSe)0.32 (2), (ZnTe)0.26(CdSe)0.74 (3) exposured to air. 
We determined not only the chemical composition of the studied systems real components surface, typical for 
diamond-like semiconductors [5] in the IR-spectra analysis, but also we established regularities in the change of the 
relative positions and intensities of the major IR-absorption bands with the composition change. Most clearly they 
manifest themselves on the example of stretching vibrations bands of adsorbed molecules CO2 and H2O (Fig.4). 
In addition to the above stated the fact additionally confirms the substitutional solid solutions formation in CdSe-
ZnS, CdSe-ZnTe systems and provides a basis for the use of the described and other relevant IR-spectra at an 
approximate estimate of the acid-basic properties, and selection of perspective materials and adsorbents. 
We note that preliminary forecasts of the semiconductor surfaces acid-basic properties (more acidic or basic) 
expressed on the basis of IR spectroscopy research were confirmed during direct research. 
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Fig. 5. Dependences from the composition of pH isoelectric state of the system components surface CdSe – ZnTe (1), CdSe- ZnS (2). 
It follows from Fig.5: surface pH isoelectric state exposed to air ranges from 6.35 to 6.84 (CdSe-ZnS system 
components) and 6.84-7.8 (CdSe-ZnTe system components). So, in the first case the surfaces correspond to a 
weakly acidic area. Moreover with increasing content of the second binary component (ZnS) the acidity increases 
(pHiso plummets). In the second case with the increasing content of the second binary component (ZnTe) acidity 
falls (pHiso increases). 
In other words the binary components nature influence (compounds ZnS, ZnTe) participating in the solid 
solutions formation (CdSe)x(ZnS)1-x and (CdSe)x(ZnTe)1-x is clearly shown. 
Indeed the opposite change direction in рНiso in the ranks of CdSe→(CdSe)х(ZnS)1-х → ZnS and 
CdSe→(CdSe)х(ZnTe)1-х →ZnTe correlate with the sequence at change рНiso in the series of compounds-
analogues ZnS → ZnSе  → ZnTe (from 6.35 to 7.8). 
Hence: adding to CdSe (рНiso=6.84) during the formation of solid solutions of (CdSe)х(ZnTe)1-х zinc telluride 
having more hydrated and respectively more alkaline surface [6]  determines shift of рНiso in the alkaline area in 
the direction of CdSe→(CdSe)х(ZnTe)1-х, in contrast to the reverse pattern in the direction of 
CdSe→(CdSe)х(ZnS)1-х. 
4. Conclusion 
The detection of a close relationship between the surface (acid-base) and volumetric physicochemical properties 
(Fig.2, 5) deserves special attention as a research result. Thus, in the series of the called compounds–analogues: 
ZnS → ZnSе → ZnTe  
with an increase in рНiso the crystal lattice parameters (а, с) and X-ray density (ρr) are growing; the melting 
temperature (Тmelt), the electronegativity difference (∆х) and the bandgap (∆Е) are reduced. The reason for this 
connection is in the nature of acid centers causing mainly coordinative-unsaturated atoms. 
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With these volume physicochemical properties their environment changes, the effective charge and, accordingly, 
the force (which affects the рНiso surface) are also changed. 
The regularities in the change of acid-base and volume physicochemical properties of the studied systems 
components were used for adsorbents search which are the most active in relation to basic or acidic gases, and that 
are perspective materials, sensors - detectors [7]. 
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